Increased urbanization coupled with increased reliance of urban communities on rural areas for ecosystem service provision is a challenge faced by many nations. The ability of urban households to directly support restoration efforts in surrounding rural regions represents an underappreciated funding stream for ecological restoration. This study explored the willingness of urban households to support forest restoration in Vietnam. We surveyed 211 households (HHs) in the capital city Hanoi, Vietnam. A Maximum Likelihood Estimator (MLE) model allowed us to obtain the parameters of our model and quantify mean Willingness-to-Pay (WTP) for a program of forest restoration in addition to identifying factors influencing the decision of WTP. Generally, over forty percent of the households surveyed are willing to pay for forest restoration and the mean value of WTP is 37,830 VND ($1.73) per household per month. WTP depends on endogenous and exogenous factors including level of education, income, female-to-male ratio in the household, attitude toward payment for monthly electricity consumption, and awareness of payment for environmental service. Our results suggest that urban household's demand for forest restoration is real, and represents an untapped source of restoration funding. Policy-makers should take actions to apply charges on water bills to turn this potential into reality for restoration projects in Vietnam if the benefits from restoration outweigh the costs based on our findings.
Introduction
Deforestation and forest degradation has become a serious issue in Vietnam, attracting much attention from the government and international organizations. Across 7 ecoregions, the Northwest ecoregion is experiencing one of the highest rates of forest loss and forest degradation (JICA, 2013) . Two main reasons are conversion of forests to agriculture via slash-and-burn and illegal logging (Nguyen, 2007) . During the 1990s, this region lost thousands of hectares of forest in an area where half was protected for providing water to the Hoa Binh hydroelectric plant (JICA, 2013) .
Loss and degradation of protected forests in Northwest Vietnam seriously affects the supply of water and electricity for urban residents and businesses in the lowland including the capital city of Hanoi. The Vietnamese government responded to that issue by enhancing forest protection and rehabilitation programs (De Jong & Trieu, 2006) . However, forest rehabilitation programs have had limited success due to lack of participation from local communities. The underlying reason being that financial support for forest rehabilitation was not sufficient (Sunderlin & Huynh, 2005) .
Associated with this challenging issue, a Payment for Environmental Service (PES) program was piloted in Son La and Lam Dong provinces beginning in 2008 (Nguyen, 2011; Pham et al., 2013) . In this PES program, environmental service providers (local households) agreed to protect a certain amount of forest in return for payment from the service buyers (hydroelectric power plants) (Nguyen, 2011) . The PES program was successful and effective in terms of attracting local households for forest protection and management (Pham et al., 2013) . However, the drawback of this PES program was a long delay in payment to local households . Also, there were a limited number of households willing to participate at the low rate of payment (De Jong & Trieu, 2006) . Thus, in this case, mobilizing a source of funding that supports local household participation in forest protection and restoration is imperative.
There have been several studies exploring the potential of payment from society for the conservation and restoration of ecosystems in Vietnam (Do & Bennett, 2007; Huynh & Yabe, 2014) . In a survey using a singlebounded dichotomous choice question format, Le Hoa & Lee (2009) found that households in Ho Chi Minh City were willing to pay at least 6209 Vietnamese dollars (VND) per month for three years for the preservation of Lo Go-Xa Mat National Park in Tay Ninh province. Using the same method, Huynh & Yabe (2014) found that all respondents in Ho Chi Minh city were willing to pay 16,510 VND per household per month for biodiversity conservation in U Minh Thuong National Park (UMTNP). These results suggest that Mekong Delta urban residents have the potential to contribute about 200 billion VND annually for biodiversity conservation in UMTNP. Although these studies have contributed to identifying an untapped source of conservation funding for UMTNP, there is little attention on urban household's WTP for forest restoration in the Northwest upland region of Vietnam.
The objective of our study was to explore the willingness of urban households in Hanoi to pay for forest restoration programs in rural areas of Northwest Vietnam. Our overall goal was to estimate how large of an untapped resource the urban population was for supporting forest restoration in the upland area.
Methods

Contingent Valuation Method
Contingent Valuation Method (CVM) is a survey-based approach for finding values people place on goods, services, and amenities (Boyle, 2003) . The CVM is a simple, flexible nonmarket valuation method that is widely used in cost-benefit analysis and environmental services (Reutterer & Breidert, 2007; Khuc, 2013) . It requires individuals to state their preferences through their responses to specific WTP questions (Boyle, 2003) .
Three main CVM response formats are open-ended, payment card and dichotomous and each of these response formats has its own strengths and weaknesses. While an open-end format often results in overestimating WTP, dichotomous-choice WTP questions only obtain a limited amount of information from each respondent. The payment card method is a question format in which the respondents are asked to pick a WTP point estimate from a list of values predetermined by the surveyors. The payment-card and multiple-bounded response formats are advantageous as they provide more information per respondent (Boyle, 2003) . Another advantage of payment card method is that it is simpler than open-ended format, so larger range of responses could be obtained.
However, this method requires the interviewees to be literate (Yalfal et al., 2013) . The urban residents in Hanoi met this requirement. Therefore, in this study we used a payment-card method. A survey questionnaire was designed to follow previous studies (Boyle, 2003; Alhassan 2012) . For the survey used in this study, face-to-face interviews were used since this method allowed the study team to obtain data during a short time period with high response rate, which other methods such as email, phone, and mailings would be inferior at.
The Empirical Model
In this study we used a payment card method following the procedure of Boyle (2003) . Specifically, in a payment card survey, each respondent is confronted with a series of money amounts, and asked to circle their maximum WTP for forest restoration. The respondents were also given the option of indicating "zero" for WTP.
Following Cameron and Huppert (1998), Boyle (2003) and Alhassan (2012) 
Where i x is the vector of the independent variables of respondent and β is the vector of the coefficients estimated. β is estimated from the following function of the simplest case:
where i u is the random error term assumed to be distributed normally with mean, 0 and standard error, σ . Each pair of interval thresholds for ( log i Y ) is standardized and expressed by the following formula:
Pr , Pr log log
where i Z is the standard normal random variable. Equation (2) can be re-written as
Φ is the cumulative standard normal density function, ui Z and 1i Z present the lower and upper limits. For n independent observations, the joint probability density function can be interpreted as a likelihood function defined over the unknown parameters, β and σ . The log-likelihood function is expressed by the following formula:
Next, Maximum likelihood estimation (MLE) procedure was used to estimate the Equation (3). The mean and the median WTP was calculated by constructing the fitted values of log i Y after regression. log i Y is transformed into Y representing the median WTP value. Finally, the mean WTP was the product of the median WTP 
Study Area
Deforestation and forest degradation in Northwest Vietnam has impact on the quantity and quality of water and electricity provided downstream to the Hanoi metropolitan area (Bishop & Landell-Mills 2002; Nguyen & Tenhunen, 2013) . Hanoi is not only the capital but also one of the largest cities in Vietnam. Thus, Hanoi was selected as the survey population. A total of 220 HHs were chosen randomly to contact for an interview in two areas, Hoang Mai and Thanh Xuan districts, where the residents had been being affected by a lack of water and electricity in recent dry years. Table 1 presents main characteristics of respondent of the survey in terms of gender, age, education, household's gender structure, and gross household income.
Data Collection
The investigation was conducted in November 2014.First of all, a focus group of 8 people, who are seniors in Hanoi University of Science, was formed to test the questionnaire in terms of reliability and validity. All members of the focus group were asked every question in the questionnaire. The questionnaire was then revised and completed until it was well understood by the entire focus group. We acknowledge that the composition of this focus group was not ideal for testing a general public survey, but the focus group testing did result in substantial improvements to the clarity of the questionnaire. The questionnaire was designed to gather information on WTP for PFR. Specifically, lists of values on the payment card questionnaire were: 0 VND, 5 thousand VND, 10 thousand VND, 20 thousand VND, 40 thousand VND, 50 thousand VND, 100 thousand VND, 150 thousand VND, 200 thousand VND, and 250 thousand VND. The respondent was asked to select the highest amount that they would still vote for the project of forest restoration in the upland (Box 1). Face-to-face interviews were conducted at the respondent's home during the day time. When interviewing, only the respondent was asked and others were not allowed to contribute to the interview. This condition was maintained to avoid bias. In order to determine the factors influencing the magnitude of WTP for forest restoration, the survey team gather the relevant information group, including: (1) characteristics of respondents such as age, sex, education; (2) characteristics of the household livelihood like income, gender structure; (3) their opinion on payment for environmental service, and (4) their evaluation on household's monthly payment for electricity consumption.
Results
Willingness-to-Pay Responses
A total of 211 respondents agreed to answer the questionnaire among 220 households that were contacted, representing a ~96% response rate. The WTP bid interval was determined by the interval of the bid value circled and the next bid value on the payment card. If the respondent circled bid value of 5 thousand VND, for example, then the bid interval was determined to be between 5 thousand VND and 10 thousand VND. In this survey, among 211 respondents, 57.0% of them indicated a bid interval of (0; 5 thousand VND), while 45.0% of the sample had a different bid interval. The weighted average was calculated by taking the midpoint of the bid interval times the percentage of the respondent picking each bid value. The total weighted average of WTP was 23.84 thousand VND ( Table 2 . Willingness-to-pay bid levels on the payment card and it is presented in interval value, the weighted average is calculated by multiplying the average of willingness-to-pay and the percentage of response rate. 
Willingness-to-Pay Estimation
WTP was estimated using MLE models ( Table 3 and Table 4 ). Median WTP was 6,276.17 VND with a mean of WTP of 37,830.51 VND. This indicates that the average respondent is willing to pay 37,830.51VND for forest restoration. The five significant independent variables were Edu, Rationmf, Lnincome, Fpayelect, and Votepes. Specifically, Votepes was considered the strongest factor in the model with confident level at 99%, it was followed by Ratiomf and Edu with confident level at 95%, and lastly Fpayelect and Lnincome with confident level at 90%. The coefficient of variable of Votepes was positive (2.5345), indicating that if the respondent agreed to support payment for environmental service (PES), then they tended to be willing to pay for forest restoration. This implies that higher or better awareness of PES, was associated with a higher WTP for forest restoration. The coefficient of ratiomf was negative (−0.4242), indicating that a higher ratio of females to males in the household was associated with a greater WTP for forest restoration. The coefficient of Edu was positive (0.0706), suggesting that more education was associated with a higher WTP for forest restoration. The coefficient of Lnincome was positive (0.4734) indicating that higher household income was associated with a greater WTP for forest restoration. Lastly, the coefficient of variable of Fpayelect was positive (0.3745), so it does reflect that if the respondent feels that current payment for water and electricity is high then they tend to be willing to pay for forest restoration.
Discussion
There are two possible issues associated with WTP estimation in terms of understating and overstating a bid value (Alhassan, 2012) . The first issue occurs due to a "zero" response, which may be protest bids. The second issue appears due to an actual "zero" response when the respondents place a no value on the goods (Boyle, 2003) . In our survey, the total percentage of urban residents who were not willing to pay (both protest and actual zeros) was 57.0% (Table 2) . Although both sources of error may have impacted our estimate of mean WTP, we cannot determine if estimated WTP is underestimated or overestimated. To some extent, each error may offset the other, so our WTP estimation is considered valid (Alhassan, 2012) . One drawback of the payment card method that we used is that the respondent can pick their own price given the different payment levels, so we often get relatively low estimates on WTP (Blaine et al., 2005) . The MLE models allowed us to estimate WTP for forest restoration. Urban residents in Hanoi were willing to pay around 37,830 VND per household per month for forest restoration, which is higher than what urban residents of Ho Chi Minh, Vietnam were willing to pay (16,510 VND per household) per month for biodiversity conservation in U Minh Thuong National Park (Huynh & Yabe, 2014) . These results indicate that the CVM method in general and MLE model specifically, are efficient for estimating WTP value for forest restoration or other environmental goods and services.
Our results from the MLE model suggest that WTP for forest restoration depends on social and economic factors of the respondent (Table 4) . These results are consistent with the findings from similar studies in Vietnam (Dang, 2007; Do and Bennett, 2007, Huynh and Yabe, 2014) . The coefficient of variable of Votepes was 2.5345 in the model, suggesting that the awareness of the respondents regarding the need for forest restoration is positive. This provides policy-makers a reliable foundation to continue to raise awareness as well as knowledge about the environmental role of forests and forest restoration programs. This may be a good approach to access the untapped source of restoration funding from urban residents.
